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e : . I OBJECTIVE
L ! ! '
The purpose of the program is to determine the characteristics of
those perceptual modalities through which individuals obtain information
about their environment, wherein such’ information is not presented ‘to

l .
any known sense. L

The program is divided into two categories of investigation of ' {
approximately equal effort, applied research and basic research._ The
purpose ‘of the applied research effort is to explore experimentally
.the potential_for applications of perceptual abilities of interest,
- uith special'attention‘given to accuracy and reliability.. The purpose'
of the basic research effort is to identify the characteristics of
‘gf-' 1ndiv1duals possessing such abilities, and to identify neurophysiological

correlates and basic mechanisms involved in such functioning.

K
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P : 11~ PROGRESS DURING THE REPORTING PERIOD - ' R

- A, Applied Research T ' ‘ ) iy T

1, Remote Viewing

(a) Local Targets

. ] )

. : ~ An’experiment is continuing in which ten sites knoWn to
the subject are{being vigited in random sequence, with replacement, by a

. target demarcation team. A comparison i3 to' be made as to hit: accuracyi

[
under conditions of {1) idéntifying the site by name’ and, (2) identifying

the site by photographs I
|
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(b)  Remote Targets

" !In conjunction with a vacation trip by one of the

experimenters (H.P.) tO/bOSta Rica, a week of remote target viewing wiil
be'carried outfst 1330 local time (1430 Costa Rica time). Pictures of :
- © _the target locations are to be taken. rpon return and development of
- f G the pictures, the subject will be asked to match target pictures with

.2 . Moy b il

narratives, as. will the experimenter, both in blind fashion.

- s : 2. Detection of Variable Density Target Material

- An initial experiment with twenty-seven sponsor drawings of
.variable content'and density was completed. The goal was the differen-
L ] ;tiation of t@e;ve low-density cards, six pencil, and nine blank cards.

A L .The numbered enve10pes containing the target msterial,,sealed'anc ,
N \ . specially gsecured by the sponsor, were rendomized‘before,each trial and
| placed inside non-numbered opaque envelopes_before beiné‘presented to

- the subject for sorting. ‘ )

-

Two-series were carried out. The first consisted of 24 runs

ne

| . S &through the 27'csrcs.ichoosing 12 cards each rim, the goal being to
. o - choose'thellz low-density cards. Out of the 12 x 24 §_288 choices, the
t _f expected nhnber_of target cards by chance was 128, the'observed number
.. chosen, 133, fhe second series consisted of 18 runs'through the 27 cards,

choosing 6 carcs each run, the'goal being to choose-the 6 pencil cards,

_Out of thé 6 x 18 = 108 choices, the expected number of target cards by

chance was 24, .the observed number chosen, 19 Thus, -the overall result

given the task did not differ 51gnificant1y from chance. -

: ' However, when we examine the ranking of cards by number of
times chosen, we' observe a significant skew in the distribution.
.Independent of the assigned task, in the 24-run series of 12 choices

each,1the expected number of times a given card is chosen is 11.

LI +
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-.l T ‘ In the 18 run series of 6 choices each, the expected number of times a’
given card is chosen is 4, In the two series,‘of the 17 cards chosen
~ more often than expected by chance, the expected number of low density '

. .: cards is 7, 5 the observed number 13, a result significant at the

1’

i

-3
p =2-'x 10 .level. Thus, in the overall distribution certain of the Lo

. b
-10w-density cards were chosen often enough to yield a significant result
¢
' . . .
in the ranking distribution. ) C
f It is considered that the initial experiment was unnecessarily
complex, there being a mixture of taréet sizes (2), synbols (3), and ink

techniques (3). New experiments are to be carried out to clarify

. o—

whether a usable talent exists in this .area,

.~B. Bagic Reésearch _ ot

<" 1. Testing Program

(e)'Psychological Testing o . :

Arrangements have been made with Dr Donald Lim of the
‘h; .. Pale Alto Veteran 8 Administration Hoapital for the’ administration of
' L “the Halstead-Reitan neurcpsychology test battery. Dr. Lim is experienced

« ~ _in the administration of the battery and: has personally consulted with

4

Dr.,- Beitan on testing procedures and interpretation.

. . . S
C ! In connection with testing hypotheses associated with

hemispheric sﬁecialization of the brain, Dr. Robertibrnstein of the

2y ——— At

Langley Porter NéurOpsychiatric Institute, University of'California,

San Francisco, has agreed to administer tests appropriate to testing

hemdspheric predisposition. ‘ i

(b) Medical Testing L

e e = e
.

*

The physical characteristics part of the program will be {
administered by the Environmental Medicine facility of the Palo Alto !

I ' .o b

e o
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Medical Clinicl The basic physical includes urinalysis, bloodwork .
. .;(hemoglobin, STs, CBC, blood pressure pulse){ héaring testsi(frequency :
and intensity); eye tests (depth perception, color vision, far and near
vision, peripheral vision), pulmonary function test, EKG,vtonometry,
'height; wejight, and a physical examinatiop. A consnltation appointment
‘has been set'up to explore further testing for special areas beyond the

! R .
e o T, el

"basic.physical. BRI A v S

¥

;_ U . 2. Measurement Program

2

' (a) EEG Experiment

el . !'~,A variety of evidence from clinical and neurosurgical °
.. .. soufces indicates that the two hemispheres of the human brain are
specialized for different cognitiVe functions. The left hemisphere is

3 r

_predominantly involved in verbal and other analytic functioning.\the

. ¥ a ¢

-right in spatial and other holistic processing. (See Appendix )

ln consultation with Dr Rohert Ornstein of the Langley

. Porter Neuropsychiatric Institute, an hypothesis was formed based on
- kucertain ohserned characteristics that paranormal functioning might
.invclve.right tiemispheric specialization. To test this hypothesis, the
\‘-3EEG remote stroheflash _experiment described in Report No. 1 was'repeated
L _e”three times with monitoring of right and left occipital regions. Each
o experiment consisted of 20 15-secénd’ trials, 10 no-fiash trials, and 10
, - 16 Hz trials randomly intermixed Reduction of alpha activity (arousal
- .response) correlated with remote stimuli wss\observed as, in preV1;us
. ‘experiments, but essentially only in the right hemisphere (average
' alpha reduction 16 percent in right hemisphere, 2 percent in left, _

'during the 16 Hz trials as compared with the no-flash trials) Such’

~ results indicate initial support for the hypothesis of right hemispheric“

specialization; and therefore, further investigation of‘riéht hemisphere

specializetion¢seems indicated.

I F B
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o . . (b) ﬁhxsicel Measurements

'A'meeting was held with Mr., Stacy Luke of the client's

organizatlon in which it was agreed that an experiment shall be carried
| \
out utillzing the client's Josephson junction gradiometer. Alternate

SRI 100ations were examined and a suitable one chosen. The purpose of
i
the exper1ment is (1) to determine whether magnetic field gradients ‘can

XTI L TR st

~be’ establlshed on command by the subject, and, if so, (2) to- 1nvest1gate

,‘ . such effects under conditions of viewing the probe from remote locations,

and, if the latter is positive, to examine the effect_ss a function of

' subjectfprooe,distance.

L . ' Two additional sensitive 1nstruments are being set up as-

.

= ":: remote probes, One 15 a radiation probe box which 1nc1udes a photo-

" miltiplier and geiger counter, The other is a mechanical force indicator

i

. L con31sting of a torsion pendulum suspended on a metal fiber, enclosed in
abell jar, and monitored by a laser beam reflected from a mirror on the

T pendulum to a beam—position detector. Baseline data are being taken for
) !
r T these_instruments,‘and experimentation will‘proceed during April.

W -
)

+

- ' . - L

‘."Reference 1: "Hemispheric Speclalization and the Duality of Consciousness, "
David Galin, M.D. and Robert E, Ornstein, Ph.D,, in .press in:

‘Widroe, Harvey, M.D., ed. Human Behavior and Brain Function,
' Published by Charles C! Thomas, Springfield, Illinois, 1973,
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APPENDIX

Hemispheric Specialization and the

|-
- : Duality of Consciousness i)
L ?.: i v . - B . - TR ‘- o \g % TS
‘- o
- b
' [
‘ }
. ‘ [
- David Galin, M.D. and Robert E. Ornstein, Ph.D. C
: - Institute for the Study of Human Consclousness ' '
LT : Langley Porter Neuropsychiatric Institute '
. r . ) .. . . ’ r
University of California, San Francisco
L]
, ! . \
) *
. L . -
o oo in press in:

"

Widroe, Harvey, M.D., ed. Human Behavior and Brain Function

. published by L

y . ~ Charles C. Thomas

3

- i mm = mw

Springfield; lllinois

1973 °
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" Hemispheric Speclellzatlon and the .
Doa]lty of Cons;lousness
David Galin, M.D., and Robert €. Ornsteln, Ph.D.
“Institute for the Seudy o% Human ‘Consclousness
.Langley Porter Neuropsychiatric Instltute

University of Callfornia, San Francisco . .. .

K
+ N . - i

A varlefyrof evidence from clinical and neurosurgical sources

rd

different cognitive funcflons. . This evldence has been conflrmed in stooies
_ ofrnormal subjects, -The left hemlspherellspnedominantlyInyolved In |
:’veroal an& bther analytic functions, the right In soatial'and oeher
" holistic pnocessiné. ' - - ; : ' e
i The too hemispherethave been surgica[ly eeoarafed-for the treatment
of certaln cases of epilepsy; after the operation it has been found that
. each hemisphere is conscious, and can carry out complex cognitive processes
’ of the type for.which it is speciallzed.: In short there apgear to be two
' separate, consclous minds in one head, The study of how these two half-
bralns cooperate or interfere with each _other in,nofma], intacf people has
Just begun..We.believe that fhis‘work‘has,importent.Imo!}cations for
.p;ychlagrlc-theory and practice, .and education, as well-as for clinlcal
Co 'neuiology. | |
In our jaboretory at Langley Pofter!we have been-studying this
:lateralization of function with EEG techniques. With the me thod which we
have developed we can d:stlnguish between these two cognitive modes as. they

‘océur In normal. subJects, using simple scalp recordings. .

Declassified in Part - Sanitized Copy Apbroved for Release_‘2014/l01/0'9 : CIA-RDP79-00999A000200010095-1
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We will review some of the experiments and clinical observations on

th!s‘duailty in human‘naturé, and méntiqn some of the .opportunities for
. future research that seem to us most promislhg.'

1. Sﬁeclallzatlbn of the’two'HemIsphé}és - "Spllt-Bréln“'stbdiesr*”3‘”?34 .

Thg'aéyhme}r!cal Iopallzatlon of cognitlive fdnctlon has long been, -
eétabllshed.‘_Lénguage'whs ascribed to the left. hemisphere bx Dax in i836
(Benfon.s Joynt, 196b). Since then clianal work with braln démaged,

-_-patlent§ has continueé to differentiate - the cognftiQe fﬁnctions'of the  1'
N R ,li - Qemlsphergs'(Sémmes:etlgl., 1955, Milner, 1965a, Luria, !966; Corkin,
a 1965) . For:éiample right temporal Iéyectomy-producés a severe .impalrment on
leuél and fgctifg mazes. In contrast Ieff tempgral-]obectomy-of equali'
extent prodﬁcés‘llttleldeflclt on ;hese.tasks but impairs verbal memory#rﬁ
(Hiihe?{ i?GSg,'Corkin{_l965). In general, clinical work has found verbal
aﬁd'ar!thmg;ical functions (analytic, iinear) depénd on the:lé%t.hemisphéfe
yhlle.spatial‘relétlonshlps (hollstic, gestalt) are the speclalfprqvlnce“of
' .the rfght hemisphere. Sperry, Gazzaniga, Bogcﬁland‘fhejr'associates (1969,
Le@y, 1970, Bogen, 1969) have had a untie opportuﬁlty to study the
speclalization of thé two halves of the-ﬁrain lsoléted from eéch other.
They worke& with patients who had undergone suréica{ section of;;he‘cokpus
éa]losum for ;be treatment of epllepsy. Theﬁe ”Splft_bfainﬂ.ﬁatiényswer;
e tgstéd with special -apparatus fq insure that thé task‘was presen&ed"to oniy
pne'hemlspherélag:a time, Sperry, Gazzaniga and Béggn ﬁéve beeh.éble.fo |
) égtabllsh that,e;ch hemisphere ¢an functionindgpendéntly and,ls ..‘ l
independently déns?fpuél Learning énd memory are found to ﬁont!nue .

separately In each hemisphere. Ihg:right'hand literatly does not know what

Declassified in Part - Sanitized Copy Approved for Release 2014/01/09 : CIA-RDP79-00999A000200010095-1
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. the left hand,l§ doing. Both halves Independently sense, perceive

F

and cbnceptualize. Unilateral assaclations between tactual, visual

- and éuditory sensations remain. ~ In these patients, the left

" hemisphere is capable of speech wrlt]ng and mathematical calculatton. -

N '.--~

and is severely limited in problems lnvolvlng spatial relations “The

right hemisphere has use of only a few words and can perform s!mple

.

_addition 6hly'Up to ten, but can perform tasks lhvolving spatial

. relaﬁionshlps and music patterns.

it Is important to emphasize that what most chahactefizes.the

) & .
" hemlspheres is not ¢hat they are speclalized to work with different types
of .material, (the left with words and the right with spatial forms);
" rather eachshehiSphere is specialized for a different cognitive style; the

left-Tor'an analytlc, logical mode for which words are an excellent

t

tool, and the rlght for a hol:stnc. gestalt mode, . which happens to- be

' particularly sustable for spatial relations, and music The difference

In cognitlye style [s explicitly deecribed In a_recent,paper by -

‘-.,.

Levy;.Trevarthen, and Sperry, 1972 :
"Recent commi ssurotomy studies have shown that the two dlsconnected
hemispheres, working on the same task may process the same sensory
information in distinctly d|fferent ways. and that the two modes of
mental operation Involv!ng spatial synthesis for the . right and

-

_ temporal anelys:s~for the left, show,lndncatlons of mutual antagonlsm

a

. (}eyy, 1970).‘The propensity of the language hemisphere to note

| Declassified in Part - Sanitized 'Colpy Apprpved for Release 2014/01_/09 : CIA-RDP79-00999A000200010095-1
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anaiyticai detalls in a way that factlitates thelr description in K
: Ianguagefseems‘to Interfere with the perception‘of an over-all -
Lol T Gestait;'ieaVinq the ieft hemlsphere 'unable to see the'wood for the

ST S . trees.f This Interference effect suggested a rationaie for the

8- Tevolutfon of lateral" speciaiization..."'(Levy, et-al 1972) (See also S

»

~ Nebes, i97i, Semmes, 1968).

Sperry“and his collaborators have found that "in generai, the post~'
operative behavior of (the commissurotomy patients) has been dominated’ by

-~ . the major (left) hemlsphere .. except in tasks for which the right
' hemisphere is particuiariy_speciaiized. .(Levy,,et als, 1972) .
"To understand the method of testing and interviewing each half of_the
) | brain separateiy, two polnts of functionai.anatohy mus t be. kept in mindti“
= The first Is. that since ianguage functions (speech writinq) are medlated
predominantiy by the ieft hemtsphere In most people. the disconnected right
; -";' t :i' _hemlsphere cannot express ltself verbaliy. The second point is that the .
| - neural pathwa;s.carrylng information from one slde of the body and one-half
- of the visuai field cross over and ‘connect only with the opposite side of
the brain Thcs means that sensations in the right hand and images in the
right vnsuai space wiii be projected aimost entireiy to the. ieft
hemisphere. Simiiariy, the major motor output is crossed and. the ieft -
. hemisphere malniy controis the movements of the rlght hand Therefore,
o patients with the corpus caiiosum sectioned can, describe or answer N

questuons about objects placed in their right hands, or pictures fiashed to

the right visuai fieid with a tachistoscope but can give no correct verbal

1
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response when the Information is presented to the left hand or the left
!

visual.fleid (they will In fact, often confabulate). ihe mete right
hemisphere can, however, Indicate its-eiperlence'with the left hand, tor
example, by selecting the proper object from an array.

2. Dissoclatidﬁ‘of_Ekberlence:.. . P TSNS

N\

The dissociation between the experiénces of the two disconnected -
hemispheres is sometimes very dramatic. ‘A fllm made by Sperry and his_

colieagues shows two iiiustrative incidents.

¥

The f1im shows a young female patient belng tested with a

"‘ . 'tachistosébpe as described above. 1In the series of neutral geometrical
figures beihgopresented'et random to' the right and left fields, a nude pin-

{

.';l :'.h‘ © up was.incleded and fi?shed to the right knonverbai)_hemisphere;; The giri
- blushed and §iggied. Sperry asked 'What Eid you'see?" She answered T :
.“Nothlng, just a flash of light," and qiggled again, covering her -mouth :f
wlth her hand "Why are you iaughing then?“ asks Sperry, and she iaughs
- again and says, ''Oh, Or. Sperry, you. have some machine'” The eplsode is
" very dramatic, and if one did not know her neurosurgncai history one might
have seen this as a clear example of perceptual defense: one might infer
' that she has-repressing the perception.of the conflictful sexual material~-
| evenﬂher'fihai response (a socially acceptable nonsequitur) was convincing.
{see also Sperry, Am. Psychol, 1968, 23 723 33, esp. p. 732). A
in another section of the film e different patient s . performing a
block design task; he is trying to match aico!ored geometric design with a

-

set of painted blocks. The fiim shows the left hand (right hemisphere)
quickly carrying out the task. Then the expernmenter disarranges the
i

* o
.
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s
blocks and- the riqht hand (ieft hemisphere) is given the task. slowly and -
wlth great apparent lndecision It arranges the pieces. In trying to match

a corner of.the design the right hand corrects one of the blocks, and then

i ) . ]

\shlfts it again. apparently not realizing it was correct: the viewer seées

the - left hand dart out, grab the block to restore It to the correct
B .f . ‘iposition--and then the arm of the experlmenter reaches over and puiis the

¥

1 intruding left hand off-camera.

- - 7 3. Psychlatrio'lmpiicatlons:

ihere s a compelling formal simiiarity between these dissociation_
phenomena seen In the commlssurotomy patients and the phenomena of
! i represslon, according to Freud's eariy "topographicai" mode! of the mind
v f‘repressed mentai contents functioned in a separate realm, whlich was
inaccessibie to conscious recall or verbai Interrogation, functioning K
according to. its own ruies, developing and pursuing its own goals, .
Ty affecting the viscera and. lnslnuatinq itself In the stream of ongoing
~-:.'- ) consciousiy directed behavior. ‘
.This paraiiel suggests that we examine.the‘hypothesis that In normal,
'intact‘peopie hentai events‘in the right hemisphere can become disconnected‘
fUnctionaiiy‘from the left hemisphere (by inhibition'of neuronal
transmission across the corpus callosum and other cerebral oommissures)u
and ean continue a 1ife of their own. ihis hypothesis suggests a
) neurophysioiogizai mechanism for at least some caseS'oi represslon, and'an’
'anatomicai iocus for the unconscious mental contents.
_*.What are the circumstances under which such a dissociation could take

s ' - place? There‘are_severai ways in which the two hemispheres of an ordinary

4
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' ,;_ 3\;"' person could begin to function as |f they had been surgicaiiy disconnected
| {and.cease exchanging Information. The flrst way is by active: lnhibition of
Information transfer because of confilct Imegine the effect on a chlld
when his mother presents one message verbally. but quite another with her
; N - ) Faclai expression and body ianguege, "i am dolng it because I love you,
| - deer". say the words, but "I hate you and wiii destroy you” says the face.ﬂ-h
. Each hemisphere 1s exposed to the same sensory input, but because of thelr
+
rei;tive speciailzations. they each emphasize only one of’ the messages.‘
The ieft will attend to the verbal cues because it cannot extract
information from the facial gestait efficiently; the right wuii attend
preferentialiy to the. non-verbal cues because it cannot easily understand
- the words (Levy et at., 1972). Effectiveiy a different input has been
‘delivered to-each hemisphere, Just as in the laboratory experiments in
which a tachistoscope s used to present different pictures ‘to the left and
right visuai fieids We offer the following conjecture‘ In this situation
M the two hemispheres might decnde on. opposite courses oF action; the left ton
: approach, and,the right to fiee. Because of the high stakes involved each
- hemisphere might‘be abie.to malntain its consciousness and resist the
inhibitory influence of the other side. The left hemisphere seems to Qin
control of the output channeis most of the'time,(sperry, 1968): but if the
ieft is not abie to "turn of f" the‘right completely it may settle for -
d15connect|ng the transfer of the confiicting informatton from the other
,5'de' .The connectlons between hemispheres are relatively weak compared to .

the connections_within hemispheres(Bogen 1969) and it seems llkely that

each hemisphere treats. the weak contralateral input in the same way in
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which peoplé'ln gencral trecat the odd discéepnnt ohservation whlcﬁ doés hét
. f: . fit with fhe mass of thelr beilefs; first we Igno}e It, and tﬁen 1F it is
insistent, we actlvely avold 1t (Stent, 1972). | |
The mental process In the right hemISphere cut off ln thls way From _
-the left hemIsphere consclousness which is dlrecting overt behavlor. may,
.nevertﬁele§§ ;ontlnué‘a 11fe of ‘its own.: Thétmemory of thelﬁitdétién;ithe
“; o "emﬁtfdnal cpncohmitants,'and the.frgstrated plan of actlion all may persist,

'affectlng subseduent perception -and forming'the basis for expectations and

’ evaluat!ons of future input. |

(} aut active tAhTbition arising from COnfllcting goals is not the only

LY

-way to-account for a lack of communicatlion between thg two‘hemispheres, and

. . ) . ’
-y .

. a consequent dlvergence of consclousness, In the simplest case, because -
.of their special. modes of organization and.specia1 areas éf,competence, thé_
*knowledge whjcs one hemlsbhere-possesses'may n&t pranslatg well Info‘the_
“language of ‘the o;ﬁer.'.For égample,'the experfeﬁqe of attendfng a symphony
:cbncert is not }éadi1y expressed in WOrds,;and.the concépt““DembcradV
i;ﬁréquires Iﬁformed partjéIpation" is hard to convey iﬁ images.’ jﬁhat.may Pe '
'traASﬁ!tté& injsuch‘cases may be the conclusion as to action, and not the
'.‘detail§ oh.whigh thg evaluation was basédr It is po;sjb]e,té convey some
~of the ;ichness‘;} ;he'holistlc consciousness in words, but it requires a -
great artist.

. . Bl

b, Neo-Phrenoloq#:

, itis not clear to what extent specific cognnttve performances can be
H . R . I

.said to depend on Specific areas of the cerebrum beyond the gross,

distinction between teft and right hemispheres. Without going too far in

L]
. oy .

. X P ._ '-.’ﬂ; . ST -.,.‘ " ) . ‘-‘ N o, . . . . ]
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-rhe dlreEtlon‘df aseithnq “eenters'' to each'méntai.qunllty in the mnnner
iof the phrenologlsts, there seems to be some evldence for wlthln hemlsphere
IOCallzatjon. For example Milner (1965b) has correlated disorders In
. specific kinds of language processing with lesions in epecfflc areas of the

. "

left hemisphere; verbel memory deficits with enterior temporal lesions,

e ,_'._.speéch deficits with posterior ‘temporal lesions; fluency deficits with
. . _frontal lesuons and reading deficlts wlth lesions in the. region of the
parleto—occlpltal junctlon. AR .

The difficultfes Inherent in "localizing' complex functions are
'exemplifred in the conf]ictlng'llterature on the lateralizatlion of
 arlthmetic calculation. Luria finds "primary, acalculia' or primary

erlthmeticalldlsturbences with lesions of the teft Infero-parietal lobe

(Lur!a, 1966), but Ktnsbourne finds no systeﬁat!c lateralization for

et

L

- o 'arlthmetic (1972) . .
- The problem ls complex according to Critchtey (1953) because .
calculatlon may entail more than one type of mentation and different people
seem to emp19y different methods. Lesions in different dréas would be
' expeeteg_to proéuee‘dyscelculia insof;r as a_.person depended on_the,use'oF’ )

B speclfic visual symbols or notation, or on rote memory (e.g. multiplication
Seples) or on an ideokinetic factor based on concrete manipglation such as

counting on fingers. The horizontal and vertical arrangement of numbers to
5 ) . . .

represent units, tens, hundreds, etc., depends‘on §patlel and

- ' constructlonal factors Vivid imagery for numerical forms and sequences

S
may be important to some people (Humphrey and Zangwill, 1952). <Critchley

‘concludes, "Nonetheless, there are certain 'vulnerable' regions of the

g B

T i

Tx . v
. e e
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braln, whereln a lesion Is more apt to be followed by a severe dyscalculia

) . oearin§ certain clinical hallmarks. Thus disease of the dominant teft.
’.l. S . - . .o . A ’ * ’ .
' v . hemisphere Is more:often followed by severe disorders of calculation.”

» . . ]

(Crltchley, 1953}

L 5 Evldence for Lateral Spec!allzatlon In Normal People.

, . .
O . iy
—~ -t 1 - $ .

]

Some cautlon should be exerclsed In maklng the lnference of lateral
SO |"f; ' spec!allzatlon of cognltive functlon in normal people from Teslon studles
". alone. One might conslder whether the 'split' functlons are due !n‘some
part to. the radlcal surgery, or to the other disturbances in these
;; ; '~_ "patlents. The study of neurolog!cal dlsorders or surglcal preparatlons
 'J-cest light onrnormal functlonlng, but the most-lmportant and most»practical
~ questlion s whether the nonnal braln, engaged in everyday act!vities is ,.'
B organlzed around laterallzatlon of cognitive functlon
Recent research with normal subjects provldes support for the '-
'; Trﬁ inference that the intact braln does in fact make - ;se of 1ateral
'rspectallzation. With normal subjECts. F{lbey and GaZZaniga,heve measured.
the time reouired for Informetloﬁ presented to one hemisphere to be acted .

“upon by the other, A verbal reactlon. to information presented to the non-

verbal right hemisphere took longer than a non-verbal response. , (Filbey

and Gazzaniga, 1969) . McKeever found fas;erztachfstoecopic word.
recognltioo:fOr_:words projected to:she_left,hemisohere than to,the right .
(McKeever ahd‘Hqiihg,,jS?O)..ln dlchoticilisteniog.rasks,'normalZsubjects'V
i ' ‘ . have better recall -for verbal mater!a}.preeented;co-the right than to the .
| ( Ieff:ear aod oetter:recall,for me[odies preseﬂced,to,fhe‘left.. (Kémura;

1961).

i
.

. DL »
v ' . . v
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Other laboratorles have ‘used electrophysloloqlcal technlques such as‘
_evoked potentlals ‘and OC potentials. Buchsbaum recorded averaged visual
_evoked potentléIS'from the left and right occlpltal ereas.ln-response to
words and geometr:c stimull (Buchsbaum and Fedlo, 1969) .  The responses'to
these two classes of stimuli were the same In the right hemisphere, but
AR ~different In the left hemlsphere._'Hood et al. (197l)xfound‘slmilar results;ﬁk
. :wlth audltory stimuli. subjects llstened to verbal stimull under two
; " conditlons; to process them for speech cues {stop consonants) and for non-
__speech cues (pltch) The evoked responses were the same In the right
R hentsphere, but different fn the left hemisphere.
| . | Horrell and Salamy (1971) reported that evoked potentlals to speech
- _rsounds were larger in the left hemlsphere leads than in the right and
>‘Vella et al. (1972) reported that responses to complex visual forms were
L - lerger in the right.,‘HcAdam and Whitaker recorded oc potentials over the
l,:‘ ' 1' left and rught fronto-temporal areas. Just before subjects spoke, a
| -;negatlve shlft appeared more pronounced on the left than on, thetrlght .No'
\shlft was seen preceding non-verbal vocal tract actlvutles (voluntary
jcoughlng, splttlng) (McAdam and whltaker. 1971) -
In the past three years we have applned EEG methods to the study of
this lateral 5peclallzatlon ln normal people. By studylng EEG -asymmetry we
were.able to dlstrnguish the two. cognltiue modes as they occur . in normal
& subjects uslng simple scalp recordlng (Galln and Ornsteln,‘l972) Ipl.
,brlef we examlned the EEGs of subjects performlng verbal and spatlal tasks

e ‘to determlne whether there were dufferences ln actlvlty between the

‘approprlate and . lnapproprlate hemlspheres We recorded fron the temporal

3

b
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and narletel-areas slnce cllnico-anatomical eviderce Indicates that these
/ areas should bo differently engaged in tnese tasks. We Foun& that éurlng:
-eerbal taskS‘fhe integrated whole-band power In the left hemisphere Is less
w*: K than that In the right, and during spatlial tasks the Integrated power in
| the right hemlsphere is tess than in the Teft. Most of the task-dependent
e e _asymmetry appeared to be !n the alpha band Our method of analyzlng the "
R ‘ratios of right to left EEG power was adopted by McKee, Humphrey and_ McAdam
1(1973) !n a study,contrastlng muslcal qnq verpal processing. They conflrm
* - our general finding that the ratioc is higher in the verbal tasksrcompared
'te the nbn-Qerbal ;ask. |
o Table 1 summarizes some of the.resJIts from two of our.experlments.ma
The everageﬂalpha'ratlosﬁ(rlghtlleft) were computed forftemporai.;parieta],
end'central recordings during verba; ane spetlal taske Intended}to'engage
primarily the left or the right hemisphere. Spetial-tasks Included buiiding
geometrlc designs from memory with blocks. mirror drawlng and a mental Form
: §oard task.- Verbal tasks 1ncluded composlng a letter mentally and in
" writing, and memorizing and writing the.maln.facts.from a_text passage:- The
tasé pairs theh'were selected &iffer in their requirement-for motor.
output, and for memory The attention-to-breathing task was .Included as a
_"neutral” non- cognitlve condition., (Forrfurther details of the methods and

results of Experiment !, see Galin and Ornstein; 1972, boyie; Ornételn and

» 0 cealin, 1973).

[ “
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- TABLE { Inter- and Intra-hemispheric Specialization for Cbgqltlye Mode '
) m“ H | Di fferences between Eléctrodé_Locaglpns - Alpha ratios*
k Experiment [

; h.{ ?'P.|. . E ﬁotqr tasks . Héntal Q?sks' - "Nonfcognitige"_
I A - S I PR R N
;#-., : : - Mritten . 'Eorm Mental ' Attention

t.f- N=10 hﬂlocks Letter P Board  letter p .. to-Breath
i © puk3 097 .- -1.09 .0 0.81  0.98 ‘ ns 0.9
Coe L Tt 068 L6 .00 0.9 106 .05 - 0.87
. T ;'.Experimfnt - | | e '_ﬁ-‘
) B i i. o | ' ﬂemﬁry tasks ‘ Non-meﬁory tasks - 'Non-cognltive" ’
. < _ : , 7
;;
A o, ‘ . . . ' ot
et e ' - Write
. %« .-Q; - '._Z' .from.' _Hirrér E Tgxt;. 7 Attention
7 . iﬂa35 Blocks Memory P Dfa@iﬁg Copying p to-B;eafh
T puP3 . 0,99 0 1.19 .0003  1.01 1.07 .0k 1.20
* : TL/T3" ‘0;77‘ 1.12 ,00003 - o'.'75' 0.9 .0004  0.88 ‘
[ ,;_ch/(m:B 0.79 . 1.17 .0003  0.83 1.03 ._oo_oe". 0.97
’ : ﬁ:GeometrfE means pvef all ‘subjects of EEG power ratios (righp/left)
’ - f~'ﬁ_ . ;* Signlfiténééhef differences tested by Wilchon HatcﬁedfPair Signgdeanks fest,
Do _an;'P values two-talled, ns.= .05, - | "
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Fig. 1 shows a,eamplc from the EEG from one subcht during the. RBlocks

“: L and Written Letter tasks. Fig. 2 shows the results of frequency. spectrum-
; e ' -anETysLs of the EEG from which Flg. 1 was taken.

e T L T L X L T o E okl o

g

w7 = Yhe second. exneriment confirms the.mEIn'effect“foundain the first;'ﬁi .
.:t'“ L hlgher ratlos are found during verbal tasks than during spatial tasks Al
- three ‘Tead palrs show the task-dependent asymmetry- in both comparlsons
ﬂBIpcks Vs, ‘Nrite-Fr?m-Memory, and Text Copying vs. Mirror Drawlng)

There ere systematic differences between the.leads.f“The_parIetaL
Ieads. in all comparisons. In both experiments, exhibit the least task-
| ;_ i. DR dependent asymmetry, i.e. the difference in alpha rat!o on the verbal task

and the spatlal task is smaller on the parietal’ leads than on the temporal

+
." .

and central leads "The temporal and een;ralileads'appear.to behave

slmilariy in thls respect. © ' i

e The Attention to-Breath task most closely approximates the cond:tions
- :: ' under which clinical EEGs are recorded I.er.little‘informatlon processrng,

o - passlve, unstructured. Clinical EEG texts generally staee that atpna

T amplitude is normally higher on the right than the leftJ Ne.find_thie to

be so for the parietel leads, but consistently reversed for the temporal

~ o leads. Table 1 shows the resuits from the Breatﬁingﬂtask_oﬁ Experiment

L]

’ ; : 11, Most subjeets‘have predehinant right parletet alpha and predominant

. - .
- [

- Y left temporal alpha The central leads show an equel dfstribution. This

. reversal between parnetal and temporal alpha predominance can also be seen

rad

B |
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durlng the actlve cognft!ve tasks. (Table 1, all tasks exeept‘Hental

 Letter)

CTABLE 11 .

i

- Differences between electrode locatlons in ll're«.l;ting" alpha asymmetry"

P T ﬁarietal,”Temporal_.Central;'-fy‘ AR L e
ngher Right Alpha 27 9 . . 16
ngher Left Aipha 62 i5

The functlonal s!gnlflcance of this reversal of asymmetry s not yet
clear. but It precludes classlfylng a person simply as "right. dominant“ or
"left doninant", intrahemlspherlc specialization must be taken into
account. | |

Prevfousftnvestlgators have sought to relate eleetrophysiologlcal

recordings to oognitive functions. A maJor effort has been devoted to

_ relating the EEG to “lntelligence” (see review by Uogel, et al , 1968).

KA

-0ur approach to thls problem takes into account three factors whlch seem to |
have been neglected in the past:

1. Recording while the subject is engaged.in a .task, rather. than

*

~ tryling to relate.a'”resting“ EEG or averaged evoked potentialltO'subsequent

performance.
| 2. Selection of cagnttiee tasks which clinical evidence has shown to
depend more oh‘one hemisphere than the other; ano which therefore should be
associated.w{th a predictable distribution of brain activity.

* 3. Selection of electrode placements on.clinlco-anatomical grounds. - A

wealth of évidence suggests that temporal and parietal feads>snould be the
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o most functlonally asymmetrlcal, and occlpltal Ieads the most s!milar
: » e ' Unfortunately, occipital Ieads have been used most often In the past,
Y ’ -
. . probably because they are not as sensltlve to eye movement and muscle

artifacts. 'Usually recordlngs have been made only unltaterally.

; . ) . .
", Now that we have established a method for determ%nfng lateralizatlion

" studled: the generality of lateral speclaltzation of cognutlve function AN
the population, the role of'laceral speclalization in crttical academlc
skills, the effect of social drugs on hemlspheric interaction, and the
posslbtllty of. tralning voluntary control over patterns oF Iateral
asymmetry using the feedback EEG. = ¢ L
6. Laterallzatlon In Left Handed and Amb dexterous Peop]e

. ‘The !aterallzatlon of c0qnltlve functlons descrlbed above Is
1] I( +

characterlstlc of r!ght handed people. . The cerebral Iaterallzatlon of left

.o . handed people is more complex. Hecaen (1964 1971) has provided an’
extenslve review of the neurological llterature and a summary of his owr:

- —clln!cal studles. and concluded that left handers show a greater cerebral
ambi laterality, not only for !anguage, but also for gnosic and prax!c

1w functions. Hecaen distlnguishes between left handedness which, is familial

.‘and that which'fdllows a perlnatal injury:to‘the left hemlsphere. The

familial type may ‘or may not have reversed language lateraiizatlon
R These conclusions were generally confirmed by Satz et al. (1967) in a

study of a neurologically normal popdlatidn. They used the dichotic

listening cesc to assess language laterallzation and carefully tested

' : : . 4. .
" : ; '

“
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.(Levy, 1969). Levy compared left-handed and right- handed subjects with

o

page 17 -

manual superlorlty rather than relying on the subjects',self—ciessiflcatlon

as to. handedness

Fo!lowlng the hypothesls of Orton that stuttering and dyslexla can be’

due to poorly establlshed cerebral speclallzation, many studies have found

' high Incidences of left handers and amb[dexteroqs peop]e_ampng_thege 3‘;;;;?i.

clintcal groups. Hecaen (1964) concludes that while no convincing direct

relation has been demonstrated, "disorders of laterattty can play a part In

R . L
a certaln number of these cases.”

The naturée of these "dlsorders of laterality" is not clear. To our

knowledge'there have been no attempts to quantltatively eveluate the

Interact:on between the verbal-analytic "and spatial holistuc cognitive
systems in nermal daily activities. Our oplnlon‘is that in many ordinary '
actlvltles normal people slmply alternate between cognitive modes rather_,
than Integratlnq them These ‘modes compllment each other-but do not
readlly substltute for each other. Although It Is Eosslble to process ,}
complex .spatial relationships in words, It would seem ‘much more efficlent-‘
to use plsue]-kinesthetic inapes. For example, constider what'most people‘
do when asked'to describe a spiral staircase; they'heg}n using words, but
qulck!y fall back on gestur|ng with.a finger

Processing in the Inappropriate cognitive system may. net only be
Inefficient' 1t'may actually Interfere with precessing in the appropriate
system. This |nterference hypothesis' Is supported by a study of left-

-

handed subJects who were presumed to have bulateral language representatlon

‘equal WAIS verbal scores and found that the teft handers had significantly

t
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'-lower‘performance scores, which she attrihutedrto_Interference fron ‘the

: e ' presumed'ambliatera}{ty:of language. Her'observation has been conflrmed:hy
| | Mlller (1971) Similarly, ln.a groupﬁof patients in whom right-hemispherel
language was demonstrated wlth carotid amytal, Lansdell(|969) found a

negative correlatlon between Ianguage ablllty and spatIal performance

. R - ., et b
R 7Y & m .t [ . L TR ,; v ey
" .

scores, Brooks (1970) presents additlonal support for the hypothesls of

"interhemuspheric interference Readfnq a descriptuon of sDatIal

relatlons interferes with the subsequent manlpulatlon of those spatlal

relatlons DenHyer and Barrett (1971) denonstrated selective loss of

spatlal and verbal Informatlon In short, term memory. by means of spatlal and
hﬂverbal lnterpolated tasks. Levy has In fact suggested that verbal and non-.

:verbal functions.evoiyed in opposite hemlspheres to,reduce,fnterference of

“one system nIth.the other (Leﬁy.'1969)s
f This evldence of Interference between the r;ght and Jdeft cognitlve

!'modes prov!des a new Kind of support “for the hypothesns of Orton, that lack

'-of'cerebral lateral specialization plays a maJor.no}e“tn dyslexla and*

- stuttering. :Thls hypothesis has continued to susta}n‘interest, in spite of
a.]ack‘of:convincing_direot evidence.’_Unti] recently, the only generally
avallable Index:of cerebral lateralization'nas handedness,'end people with
Iittle hand preference, or left handers who were 'switched“ or those with
.mlxed hand and eye preference were considered to be ”hngh risk''. The
IPC|dence of such,people in_clinical‘categories such,as stuttering,

_ "dysleaia,'énd;specific learning dfsabtl}tylis usually found to be.hlgher‘

than in the normal population.

. . * -
¥ A - " -
. - T
+ .‘. . i ) C . .
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'lay.the groundwork for these clinlcal studles.

[ L ..

L
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Our EEG method for studying laterallzatlon of cognitive function,

along with the dichotic Ilstening test _can provlde a much more direct and

presumably more sensltlve means for Investlgatlnq dlsorders of laterality'
‘than measures based on hand eye, or foot domlnance. Our present proposal

- to extend our measures to left handed and ambldexterous populatlons wlll

]

N h . f
[ LY

e T Ve T

-7 Blofeedbaék Trainihg for Voluntary'Cohtrol‘of EEG Asymmetr?:

Our research has demonstrated characteristic patterns of activity and

s

Inactivity for both the verbal and ‘the spatlal cognitlve modes. It is

,"reasonable to suppose that more selective Inhibitlon and facllitat!on of

'3each‘hemlsphere can lmprove_performance. It has been shown in many

laboratories that, when subjects are given exteroceptive feedback on the

'i'stote of a physiological variable, they can learn control of the variable,’

¥

e,g; EEG alpha, heart rate, EMG (Nowllis and Kamiye,.1970;.8udzynski,

-,Stoyvé'and Adler,'1970' Hnatlow and Lang, 1965) For example, O'Hailey-and

Conners (1972) have reported a pllot case’ of a dyslexic boy who was given

R laterallzed alpha feedback trainlng, and showed sngnlfncant changes in EEG

asymmetry. Therefore, with the aid of feedback from our:
eléctrophysiological index of cognitfve mode, subjects may be able to learn
to,reduee_the interference between hemispheres, and thereby lmprbbe
cognitive-performanee.' . |

8, implications .for Education: -

Qur EEG aqd'eye movement studies (Koée]Iet al., 1972; Galin & Ornstein,

- 1973) provide potential methods of assessing an individual's preferred'

~

cognitive mode.iAn individual's preferred cogn?t}ve*style-may facilitate

s
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'.hls learning-of one type of subject matter, e. g., spatlal, relational, and

hamper the learning of anothor type, e. g.. verbal analyt!cal A student's
L iy - 1}'-.‘ - '

lfflculty with one part of a curriculum may arise From his in b!lity to

J . -~ i -

: change to the cognltlve mode appropriate to the work he is doing.

‘
R . e . .,

'.“_-f . A s o

Studles by Cohen (1969) Harsh . (1970), and by Bogen et al.

!“&—.‘ . ' e e

i L, e
.

(1972) have Indicated that subcultures wlthin the United States are

k]

: characterlzed by a predomlnant cognltive mode ‘the middle class is Ilkely

R w“ '

‘to use the verbal-analytic mode. the urban poor is more Iikely to use the

T

e .
spatial-hollstlc mode. ‘This results n a cultural conflict of cognitive
- 1 l ) »

style and may In part explaln the dlfficu!tles of the urban poor chlldren

- —t »

l In the school system orlented toward the - middle class. There seems to be a

\

L !

new recognitlon among educators of the Importance of both modes of .

experienc!ng,the world {J. Bruner, On' Knowing; Essays for the Left Hand,

) 1965). nény new programs (e.g.,.Sesame Street) -emphasize helping verbal-" -

. analytlcally oriented children to develop holist!c mode skills as well as

helping holistlcally-orlented children to make use of the traditional
verbal analytlc materlals. I our project 1s successful, it may make it

feaslble to traln an indivldual child to enter both cognitive: modes

A3

appropr!ately. With EEG feedback an:lnd!vidual may be able to learn to .

sustafn a pattern of brain-actlvity and the concommitant cognitive mode

- which is aopropriate to reading and arithmetic on thefone'hand and painting

H
and construction on the other. _— :~‘,

Our approach may also be. of use in the study of cognitive development.

L

h$ince brain inJuries before the age of,lz rarely,result inapermanent

_ aphasia,'it is reasonable .to suppose that the laterallization of cognitive

[ E -y,

T T N ' e — -
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Figure iedend;

‘?léure 1. Change In EEG asymnetry dnrﬁng the.Blocks and Written Léi;er
o 'Tasks: P3.9 teft parletal, Phgn rlght.parietaj, 73 = left
:;r_{-_- ; : 5gen§ora];.T“Ié‘fight temporal,; The ratio nf3power In homolo-
‘gous,!eads T“/Té and'P§/P3.is'§fea;er on the spatial tnsk
than on the verbal task. ) ’

“Reprinted from Galin and Ornstein, 1972."

“;Fléure 2. 'Sample Fourler pawer spectra for Blocks and Written Letter
ztasks.. For each lead EEG power ‘is plotted versus frequency
in l Hz Intervals from 1-29 Hz; the last point on each plot
-Is an average for frequencles 30-6# Hz. The ordnnate is.

r: ;.f ) _ scaled in arbitrary units In whlch a 10 Hz sine wavae, of 80

.¢‘ e microvolts p-p corresponds to 80 000 unlts. The ratio of

| alpha-band power from homologous leads TQ/T3 and PhlP is :
PR greater on the Blocks task.than on the Written Letter task
Thgse spectra correspond to the(sample EEG traclngs shown
|n ngnrg 1. | | |

y - - - . M - 4
. i . .. - 1

"géprlnted from Doyle, Ornstein and Galin, 1973."
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\i. Narne of Conuactor ~ Stanford Research Institute
(P : .
MONTHLY CONTRACT STATUS REPORT
No. . 2 (part 1) ' o 44
For Period“ 3 March 1974 to 30 March 1974. . Date: 26 April 1974
(iont-ract N(:); 8681/160681-74WR "Task WNao, - Project No, 1SH 3183
I’erlod of(30ntract Jan. 24, 1974 _ to  Feb, 23, 1975
- ~ Estimated Cost Fee “Total
Amount of Contract ;' 969,846 | STAT
Amount of Obligations and/or
 Expenditures this Period : 9,719
' ;Amount of Obligations and/or L
Expenditures to Date : 16,909
-.JEs‘t'in::atc of Funds to Gorﬁplete : 52,937 . ' ‘ ‘ ) (é

.Pefcentagc' of Funds Expended to Date 24,2%

Percentage of Work Completed to Date.  24.2%

‘- (NOTE: All amounts shown must include overhezad, G&A, handling charges, fees, etc..)

:-l.' Is work on schedule? Yes (Attach sheets if necessary) ¢

2. Can the Contract be completed in the authorized time? Yes
! : )

.3. Can the Contract be completed with the authorized funds? Yes

'-"_"C‘or'nments: (Attach sheets if necessary)

. .,Téchnica.l.Pr,ogress in Period: (Attach-sheets if necessary) ‘ “ﬁ'

-~

"Qb‘jez‘ctivc for the Next Period: {Attach sheets if neées_sary)

0 Pnip gl o0 Donriell
_ . Manager- :
Subm1tted by: Contract Administration
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